The mutagenic effects of gamma irradiation on the agro-morphological traits of eggplant accessions were investigated to induce useful genetic variability for further breeding programme. Seeds of two eggplant (Solanum aethiopicum L.) accessions (MN/S/02/2015 and NHGB/09/132) were collected from the National Centre for Genetic Resources and Biotechnology (NAGRAB) Ibadan, Nigeria. The seeds were exposed to five different gamma irradiation doses (40 Gy, 60 Gy, 80 Gy, 100 Gy) and un-irradiated (0 Gy) as control at Centre for Energy and Research Training (CERT), Ahmadu Bello University, Zaria, Nigeria. The irradiated and the control seeds were planted in the Department of Plant Biology Garden in a Randomized Complete Block Design (RCBD) with four replicates each. All the plants were characterized on the basis of agro-morphological traits such as germination percentage, plant height, Number of leaves/plant, leaf length, number of branches, number of days to first flowering number of fruit/plant and fruit weigh. The results obtained showed significant differences (P≤0.05) on the agro-morphological traits with the highest number of leaves per plant (62.25), number of fruits per plant (39.50) and fruit weight (2.08g) in MN/S/02/2015 and highest number of leaves per plant (55.75), number of fruits per plant (28.75) and fruit weight (1.44g) in NHGB/09/132 obtained in 60 Gy. Therefore, 40 Gy and 60 Gy doses of gamma irradiation were obtained to be appropriate in creating beneficial traits in eggplant (S. aethiopicum L.) accessions.
Introduction
Eggplant (Solanum aethiopicum L.) is an economically important vegetable crop grown in tropical and temperate regions of the world. It belongs to the family Solanaceae and the genus Solanum with about 2,300 species known worldwide and about 25 species represented in Nigeria [1] . The plant is commonly referred to as garden egg in Nigeria, Gauta in Hausa, Afufa or Anara in Igbo and Igba in Yoruba.
It is recognized as the second most important Solanaceae fruit crop after tomato [2] . It is a good source of vitamins and minerals particularly iron, making its total nutritional value comparable with tomato. Due to importance, garden egg is an esteemed component of the Nigerian foods and native medicine that is either eaten raw or cooked. It is very common in mixed and rich dishes such as stews and soups [3] , particularly in the Southern and Western parts of Nigeria [4] .
Despite the great importance and uses of eggplant, the crop has been neglected and classified as low-status vegetables. It bitter taste nature also increases its disapproval especially among the young. The yield of the cultivated species has been reported to generally low with varying degree of acceptability. The low yielding ability of the crop has been attributed to lack of varietal replacement through development of hybrid and persistent use of traditional practices couple with the influence of environmental degradation [4] .
As an alternative to natural mutation which takes several years to occur, creating mutation with different mutagens has contributed a lot to breeding programme in different aspects. It has been reported in many studies that genetic variability for several desired characters can be induced successfully through mutations and its realization for plant improvement programmes has been well established [5] .
Mutation breeding by gamma irradiation is one of the most effective ways of inducing genetic variability in plants compared to other ionizing radiations because of their penetration ability [6] and also in the development of new varieties [7] [8] . It generally influences plant growth and development by inducing cytological, genetical, biochemical, physiological and morphogenetic changes in cells and tissues of plants. Gamma irradiation has been used to produce a number of useful mutants and still shows great potential for improving vegetative plants [9] . It has become a new rapid method to improve the qualitative and quantitative traits of many crops in the last decade [10] . Large number of plant mutant varieties with desirable agromorphological traits has been developed in closely related species by various authors using irradiation (5, 11] . This can also be of great value and benefit for the improvement of eggplant (Solanum aethiopicum L.) which is an important food crop in Nigeria. The improvement of the crop through creation of variability would give room for selection of high yielding variety with improved agro-morphological characters and increase its agricultural productivity. Therefore, this study was carried out to determine the effects of the gamma irradiation doses on the agro-morphological parameters of selected Nigerian eggplant (Solanum aethiopicum L.) accessions.
Material and methods

Seed Collection and irradiation
Seeds of two accessions of Solanum aethiopicum viz; MN/S/02/2015 and NHGB/09/132 were collected from National Centre for Genetic Resources and Biotechnology (NAGRAB) Nigeria. The viability of the seeds was tested before and after gamma irradiation according to the method described by [12] . Viable seeds of the accessions were irradiated using Cesium-137 source at Centre for Energy and Research Training (CERT), Ahmadu Bello University, Zaria, Nigeria. The doses include; 40Gy, 60Gy, 80Gy and 100Gy, with un-irradiated seeds (0Gy) as the control.
Experimental Design
A total of five viable irradiated and un-irradiated (control) seeds of each dose were planted in 7 litres experimental pots, filled to 5 litres mark with sandy-loamy soil. Each treatment were replicated four times and arranged in a Randomized Complete Block Design (RCBD), at the botanical garden of the Department of Plant Biology, Federal University of Technology Minna, Nigeria. All agronomic practices were carried out when necessary and the plants were monitored for morphological parameters.
Data Analysis
The agro-morphological parameters collected for the experiment were germination percentage, plant height, number of leaves per plant, leaf characteristics, number of branches per plant, days to first flower, fruit weight, seed weight (100 seed) and number of fruits per plant according to the methods described by [13] [14] with minor modifications. The data generated were subjected to statistical analysis using Analysis of variance (ANOVA) to test for significant differences and Duncan's multiple range test (DMRT) was used to separate the means where there were differences. All data analysis was carried out using the Statistical Package for Social Science version 20 at 5% level of significance.
Results and discussion
Effects of gamma irradiation on the morphological traits of Solanum aethiopicum (L.) accessions
The effects of gamma irradiation on morphological parameters are presented in table 1 Consistent highest germination percentage and plant height recorded in low doses of 60 Gy in this study is in conformity to the report of Fardous et al., [15] who observed significant high plant height at low doses of gamma irradiation in Moluccella laevis L. Similarly, Kebeish et al., also observed significant high plant height at low doses of gamma irradiation in Allium sativum [16] , in Soybean (Glycine max (L.) Mrr) [17] and in turmeric (Curcuma longa) [18] . These results showed that appropriate dose of gamma irradiation can significantly increase the height of the plant. This could be attributed to the stimulating effects of low doses of gamma ray on plant growth may be due to stimulation of cell division or cell elongation, alteration of metabolic processes that affect synthesis of phytohormones or nucleic acids [19] . In addition, high doses of gamma irradiation were reported to be harmful in several studies like that of Ramesh et al., who reported that higher doses of gamma irradiation (100 Gy) reduced plant height, number of leaves and branching capacity of mulberry (Morus) variety Kosen [20] .
A significant variation (P≤0.05) in the leaf morphometrics was observed in all the doses with consistent decrease in leaf width with increase in irradiation doses were observed in both accessions with 40 Gy having the highest leaf width of 7.95 cm and 6.93 cm in accession MN/S/02/2015 and NHGB/09/132 respectively (Table 1) . Similarly, significant highest (P≤0.05) leaf length in accession NHGB/09/132 was recorded in 40 Gy (10.50 cm) and in accession MN/S/02/2015 at 60 Gy with the value of 11.59 cm. This is similar to the findings of [18] who observed higher leaf length, leaf width and petiole length in varieties of turmeric (Curcuma longa).
Contrary to the result of Ramesh et al., who observed a decrease in the petiole length of mulberry (Morus) variety Kosen with increasing dose of gamma irradiation, inconsistent variation in petiole length with increase in irradiation doses were obtained with highest petiole length of 2.75 cm at a dose of 60 Gy in MN/S/02/2015 and 40 Gy in NHGB/09/132 [20] . These results showed that Lower doses of gamma irradiation have stimulatory effects on increase in length, number and width of leaves where as higher doses had inhibitory effects. 
Effects of gamma irradiation on the yield of Solanum aethiopicum (L.) accessions
The result of the effect of gamma irradiation on the number of days to first flowering is shown in table 2. The result revealed that in accession MN/S/02/2015, plants exposed to 40 Gy and 60 Gy doses of gamma irradiation flowered earlier (42.33 days and 42.67 days respectively) than plants exposed to other higher doses of gamma irradiation and the control. Similarly, in accession NHGB/09/132, plants exposed to 60 Gy gamma ray significantly (P≤0.05) flowered earlier (47.33 days) than other doses and the control.
A pronounced variation was observed in the number of leaves of mutant eggplant at the different doses of gamma irradiation. In accession MN/S/02/2015 (62.25), the highest number of leaves (62.25) was recorded in 60 Gy which was significantly different from other doses except 40 Gy (61.50). Similarly, a significant (P≤0.05) highest number of leaves per plant (55.75) were obtained in plants exposed to 60 Gy gamma ray in accession NHGB/09/132. The result reveals that gamma irradiation at low doses (40 Gy and 60 Gy) increase the number of leaves in eggplant. This result is however contrary to the findings of [21] who observed variations in the number of leaves of gamma irradiated groundnut (Arachis hypogaea L.) with 100 Gy having the highest number of leaves per plant [21] . These differences could be attributed to difference in the biochemical and physiological constituents of the plants. As reported by Lockhart et al., [22] , the increased in leaf number and area provides an increase in the surface area for gaseous ex-change which considerable affect the process of photosynthesis. Therefore, higher number of leaves will definitely give room for more photosynthetic processes, hence increase the fruit production (Table 2) .
Similarly, a significant variation was observed in most of the yield parameters such as number of fruits per plant, weigh of fruit and number of seeds per plant in all the doses. The highest weight of 100 seeds (1.39 g), number of fruits per plant (39.50), number of branches per plant (9.80) and fruit weight (2.08 g) was obtained in plants exposed to 60 Gy gamma ray in accession MN/S/02/2015. In accession NHGB/09/132, the highest weight of 100 seeds (1.05 g) was obtained in 40 Gy while the highest number of fruits per plant (28.75), number of branches per plant (4.75) and fruit weight (1.44 g) was obtained in plants exposed to 60 Gy gamma ray (Table 2 ).
This could be attributed to the increase in the number of leaf and leaf area obtained in the doses which increase the photosynthetic rate of the plants and result in high yield. This result is contrary to the findings of Gobinath and Pavadai [17] who observed significant moderate number of cluster per plant, number of seeds per plant and seed yield per plant in 50 KR (500 Gy) of gamma irradiated Soybean (Glycine max (L.) Mrr). Mudibu et al., on the other hand, observed a decrease in the yield parameters of M1 Soybean (Glycine max (L.) Mrr) treated with 0.2 kGy (200 Gy) and 0.4 kGy (400 Gy) doses of gamma irradiation [23] . Khan and Wani reported a decrease of pod number at 0.4 kGy (400Gy) treatments and an increase at 50 kGy (500 Gy) without a change in the number of seed per pod of chickpea [24] . These differences could be due to the fact that gamma rays produce radicals that can damage and affect differentially plant morphology, anatomy, biochemistry, and physiology depending on the irradiation level and species of plants. Values are Means ± Standard Error, followed by the same superscript(s) along the column are not significantly different at p>0.05 as tested by DMRT.
Conclusion
This study has demonstrated that 40 Gy and 60 Gy significantly influenced the agro-morphological traits such as plant height, leaf characteristics, days to first flowering, number of leaves per plant and number of branches per plant. Therefore, for effective induction of useful genetic variability in eggplant (Solanum aethiopicum L.) accessions, low doses of gamma irradiation of 40 Gy and 60 Gy should be employed for its improvement and selection of desirable mutants for breeding purpose.
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